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C();A\PP Outline

» |ntroduction and strategic issue
= Mechanical Modelling and ongoing prototyping
= Optics simulation (MDI and uniform waves)

= Application on SuperKEKB




~—CAPP Vibrations (& misalignment) are a strategic issue of MDI

= Quadrupole individual impacts on IPs:
O Beam stability is a sum of factors, but the main ones are due to the induced final focusing magnets effects
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Vibrations (& misalignment) are a strategic issue of MDI

= Quadrupole displacement effects on other IPs:
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O Very helpful for the understandings of the simulation results




CE)APP Requirements and methods

. i }
MDI vibrations tolerances > 1¥evaluation of K. Oide

15t step: integration of the dynamics of the mechanics (especially the MDI) in the optics simulation

Vibrations

/ level \
0 The MDI assembling transfer functions have to

\ & alignment o o )
_ Girder O An optics simulation is needed to validate the
< - Cryostat support MDI assembling (Track particles under MAD-X)

be integrated in the whole simulation (finite
elements modelling)

/- Concrete
- Positioning system

Beam
control

) - Coupling Cryostat -
magnet
" Magnet

» Complementary study to the current ones (T. Charles, K. Oide et al)




Ct)APP Curent situation

: . _ » S. Grabon et al, Modelling process for vibrations estimations, FCC week, June 2
* Dynamics studies of the structure: N 2022, https://indico.cern.ch/event/1064327/timetable/
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The design of the MDI is still being in progress.

Development of the process using a simplified 3D
model

Similarities:

Similar beams, cryostat in cantilever

Difference:

The HER and LER final focus magnets are not
symmetrical inside the cryostat



https://indico.cern.ch/event/1064327/timetable/
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= Process:

Linear model

Modal
analysis

=)

Natural frequencies and
mode shapes
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State space matrices

-

P Microseismic

High variati

_ [m"inl B

“ PSD displacement'y
_ofvarioussites
' ' ' [Hz] U

n * Input disp
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technical noise (1 ./. 100)

<\ MAT

LAB

lacements sequences (in
of the coherence)
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Very light model

Very fast calculation

o Modal calculation independent of input
displacements: only one FE calculation

o Can’t take into account non linearity

o

MAD-X

n * Output displacements sequences
(each magnet is divided in many
slices)




CC)A\PP First results

= Simulation results: Measurement on the cryostat

Measured PSD compared to calculated PSD

~ Ground Measurement * model
PSD : Power spectral Density
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E|_ _ _ Magnet vertical displacement measured on SuperKEKB

Ground vertical displacement measured on SuperKEKB
10 8 L Magnet vertical displacement calculated with the simplified model
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Measurement on the ground

= Possibility to include designed elements of the MDI
= Test of the method on a prototype (work in progress)




PSD [m?/Hz]

CE)APP Prototype

= Test of the method on a dedicated prototype

= 3 operation setups (no mass, 1 or 2 masses)

PSD Proto with 1 mass

— s

Prototy

. Possibility to
Frequency [Hz] add maSSGS (- .‘

PSD End of beam / PSD Support
Y 24550 _."' - : .
1 —

I = . Bk B&K Measure of the
,, - — 393812 450783 4524 cantilever part
5 CMG 6T 731A z z X, Yz
i xy.z -
: 2¢1000veim | |1 Ve¥m 10v/g 98mvig  98mVi/g
Sﬂs-ﬂﬂl-l'zg.m 10 5 -300 Hz Q,ZlKg qgq g aq g
. 26ks ) \ 055ke )

Frequency in Hz

> It will be fixed on the ground to improve the accuracy between the model and the measurements
> Have to implement with our other accelerometers to also analyze the modes at higher frequencies




< UAPP Proposal for the next stage

» To analyze the dynamic influence of the supporting tube

L Nol/little influence on the flexion modes:

Soft supporting

Cryostat structure Cryostat

3D view of IR including supporting tube

Proposed lightweight rigid structure, carbon fiber, to provide a cantilevered

support for the vacuum chamber and lumical.

The rigid structure would allow the central chamber to be thin and

light as requested by the experiment.

Courtesy F. Fransesini, 5. Lauciani '

Support for vertex detector and
Cryostat

tracker will be inside the structure. CryOStat
This supporting tube will be
anchored to the detector. ngld Supporting

O As a « new structure » with one single flexion mode:

structure

= Strategic to evaluate the benefits for the dynamics behavior (for vibrations aspects, but probably also for
alignment) in function of the diameter, thickness, material, coupling...




< CAPP Integration of the mechanical behavior in the optics simulation

» Quantify the induced beam effects of vibrating MDI quadrupoles to define vibrations tolerances
n * Output displacements sequences

o Vertical dynamical displacements
. . «—] Magnetslice
0 Complementary study to the performed misalignments study H”H””H displcemen
o0 Impact on beam characteristics (emittance, size) —t e (] e f ot | e
= Methodology (1): ses
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mechanical between

the MDI region

related vibrations quadrupoles

» E. Montbarbon et al., Studies of the ground motion induced vibrations in FCC-ee Z mode, FCC week, June 15t 2022,
https://indico.cern.ch/event/1064327/
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Methodology (2)

= Tools:

Latest layout used (PA31-1.0)*, ~91 km long

Z lattice considered, as smallest beam spot sizes at IP

Optics simulation with MAD-X:

Dynamical study -> Tracking module used, number of accelerator turn

dependent

No optics correction considered, to highlight vibrations impact on beam

characteristics

= Observables:

MAD-X

Post-
treatment

Sensitivity

°Y Py

e Mean and Std deviations of y and py,

corresponding to beam centroid and size

J

e Standard deviation of the y mean

Vertical displacement (m)
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Tests in progress (from static to sinusoid displacement) :
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Only one quadrupole, QC1L1.1,
Is concerned by vertical
displacements/vibrations

Bunch of 200 electrons

30 turns, i.e. 0.01 s (not much,
only to assess the behaviour of
the machine...)
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c CAPP Optics simulation in progress and prospectives

= A not coherent Sine disturbance (lum) @ 15 Hz distributed to all the most
significant magnets at the same time -> 3 * 2 sides * 4 IPs : 24 magnets

Main impact is from Quads close to IPs = interest to
focus on these quads for vibration studies @

= Asine disturbance (lum) @ 15 Hz successively at each quadrupole magnet
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» Priority put on a complementary study: uniform waves




c CAPP Simulations of plane ground waves (1)

u AI m S e e o Microseismic
High variations of the
technical noise (1 ./. 100)

»  Compute the response of FCC-ee to coherent plane ground waves
»  Compare simulation results obtained to the ones of other machines (e.g. LEP, LHC)

PSD displacement
of various sites

=  Definitions

o w' 0 [Hz] 1

e Study performed with MAD-X, without the tracking module = only the TWISS module is necessary to lead the study

e Vertical misalignment attributed to each quadrupole along the accelerator ring, regarding its relative positioning Az , for an
oscillation frequency range between [0,1:100] Hz:
y(Az) = A *sin(27 * fiyqpe * AZ)
If there is a phase advance:

y(Az) = A *sin(27 * fiyave * Az + @) | C: circumference of the ring = 91,17 km

Ywave A : amplitude of oscillation, chosen to be 1 #m (according to
Keil’s and Steinhaegn studies)

= Variables

e Observation points at IPs, namely IP 1, 2 (=3), 4 (=5), 6 (=7) and 8 (=1) to crosscheck if the orbit is closed
e Variables:

— y offset @ IPs, given by MAD-X TWISS table
— ycorms, evaluated by MAD-X, written in the SUMM table

J. RoRRbach, Closed-orbit distortions of periodic FODO lattices due to plane ground waves, Particle Accelerators 23 (1988) 121-32
E. Keil, Effect of plane ground waves on the closed orbit in circular colliders, CERN SL/97-61 (1997)
R.J. Steinhagen, LHC Beam Stability and Feedback Control - Orbit and Energy, CERN-THESIS-2007-058
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< CAPP Simulations of plane ground waves (2)

= Description: Procedure in MAD-X:
No tracking module used

Assigning vertical
TWISS of the nominal displacements of all TWISS of the

Extraction of the
vertical closed orbit
offset

4

Plot the amplification factor relative to
frequency/harmonic number

sequence quadrupoles relative to “misaligned”sequence
ground motion
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. . . H F .
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relative to FCC total length . 10F
2 1 9 m 1151 981 T e T MU1 1 2 3 4 56 10 '%0 3 f[H;]oz
Harmanse numbor . . equency
E. Keil R. Steinhagen

= Status

= All the methodology is implemented (whose the interplay Python - MAD-X)
= Current issue: definition of the amplification factor, has to be discussed with CERN experts (Jorg, Frank, Ralph...)

15



CE’APP Application on SuperKEKB - setup

» SuperKEKB - vibration measurements

mmmmm

Frontside Gural 06T Backside

-

Experiment of
accelerate centrifugal
force close to KEK

02-12-19 00:1202-12-19 11:1902-12-19 22:2703-12-19 09:3403-12-19 20:4204-12-19 07:4904-12-19 18:5705-12-19 06:0405-12-19 17:12

Vibration analysis: earthguake and external perturbations

= Long-term monitoring with continuous available data for the
collaboration

* Monitoring of the seismic motion and the collider cultural noise
» ldentification of disturbances or specific event (not the topic)
»  Weekly reports are available at : https://lappweb.in2p3.fr/SuperKEKB/

" Preliminary measurements
Modelling and measurements done by KEK are also available
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SuperKEKB: comparison vibrations — luminosity (1)

. Comparlson vibrations vs Lum|n03|ty monitoring via Bhabha scattering (IJCLab & KEK)
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time » This study highlights the effects of the dynamic of the cryostat on the beam

> Differential motions
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1st cryostat flexion mode shape

‘_9C1RQC2RP 1. Quantification

B between the final magnets 2. Low frequencies vs coherence
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CC)A\PP Quantification

= Comparison of the measured luminosity variation and the simulation (SAD optics simulation):
0 Internship of a master 2 student with 1JClab

_Rawdata T | —
" Filtered data [13 - 16,5]Hz — o T . e- S
Mean of raw data s “W”MWW P ) * * e« . ¥ * !
-+ sults *
=) i ainary ©©
:, 6 P"e\\m
e+ |
| | . i
0 min
Filtering of the cryostat bandwidth of the luminosity measurementxs
°F ; ;
— _50;_ >1OHZ: Verticg:l-"-_;J’—_-_F_F_"::::':: The?ricalIcsscflumincsityinfurj,pticnofthe\Pverticaloﬂse‘tbeam HaS t_o be i_mproved (in prOQress): .
Eooof e g P - Disparity between the channels & beams (e- is more
l; EEEEES VA e R [ 1) = tocsp(-357) sensitive to beam deflection)
200 | | R | - - - -
3k ' | - Absolute luminosity in time
5k EEE / - Beam size
= fr i\
—350 - 0.1 / N\
", P A . T » To obtain an accurate well-matched between measurements on
Distance from top{mm} -t d SAD Simu]ation
Evaluation under SAD of the 4y due to the differential motions of the magnets and Site an

evaluation of luminosity disturbances in function of the beam size and the misalignment
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< UAPP

Additional observations

= Comparison luminosity — vibrations of a known coherent disturbances at low frequency
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PSD Vertical displace t 20210! 3:50pm, with disturbance

——— Geophone Backside Table z

— Geophone Backside ground z

—— Geophone Frontside ground z

Freq=1,375 Hz

External disturbance

FFT(1) (He)zx 1912042103540

-
4000
- gw\\
¢ 1 2 3 4 3 &

x 1%

10 °

Frequency [Hz]
PSD of the vertical displacement

PSD of the luminosity measurement (CH1)

10000 |-
Sa00

5 10 1% 20 26 30

3%

40

FFT of the ZDLM measurements

= Observation in the luminosity & vibrations of an unknown coherent disturbances at low frequency

Freq = 2,95 Hz

Source? .

PSD disp. all: ZDWOB
.

freq [Hz]

PSD of the vertical displacement

Chi Luminosity PSD [a.u.]

PSD Lumi 20210612 @08h50

PSD of the Iuminoﬁsfqi[ﬁ/ measurement (CH1)
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< UAPP Prospective

3 sensors along the collider H24 Monitoring
Coherence measurements — spring 2023 each 100m with 4 sensors
- el™ " Gimihe

To estimate the coherence between the 4 sensors closed to PR ﬁ < S &

. P = ~ﬁ%~\é N
BELLE Il anc_l 3 sensors successively located each 100m o , 8 Newn
along the collider (3 sensors: 1 on the ground, 1 on support ! o7 3D A
or magnet e+ and 1 on support or magnet e-) [ 8/ e SuperKEKB _ i

- 74
A S - /
P

BPM IP feedback - in progress -
- —;ﬂ/ modify RF systems

. . . . for higher beam current
To improve the correlation analysis with the IP BPM

- Low emittance positrons
measurement with a new frequency rate of 1KHz (the et

- - Damping ring #
current sample time is 1Hz) =

Low emittance gun

K Positron source

New positron target /
capture section

Low emittance electrons
to inject
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CC')A\PP Conclusion

= Mechanical modelling method is operative to implement new MDI elements
= Vibrations optics simulations under MAD-X are in progress

= SuperKEKB is a great opportunity to test the ongoing developments
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